Abstract: This study examines the effect of oil price on the volatility of food price in Nigeria. It specifically considers the long-run, short-run, and causal relationship between these variables. Annual data on oil price and individual prices of maize, rice, sorghum, soya beans, and wheat spanning from 2000 to 2013 were used. The price volatility for each crop was obtained using Generalized Autoregressive Conditional Heteroskedascity (GARCH (1, 1)) model. Our measure of oil price is the Refiner acquisition cost of imported crude oil. The Augmented Dickey-Fuller and Phillip-Perron unit root tests show that all the variables are integrated of order one, I (1). Therefore, we use the Johansen co-integration test to examine the longrun relationship. Our results show that there is no long-run relationship between oil price and any of the individual food price volatility. Thus, we implement a VAR instead of a VECM to investigate the short-run relationship. The VAR model result revealed a positive and significant short-run relationship between oil price and each of the selected food price volatility with exception of that of rice and wheat price volatility. These results were further confirmed by the impulse response functions. The Granger causality test result indicates a unidirectional causality from oil price to maize, soya bean, and sorghum price volatilities but does not show such relationship for rice and wheat price volatilities. We draw some policy implications of these findings.
PUBLIC INTEREST STATEMENT
The food price hikes and spikes in recent times have raised concern among consumers and policymakers. Crude oil price may have contributed to it. Oil is an important input in the production process. For instance, oil is used in manufacturing of fertilizer and other chemicals used in agricultural production process. Oil is also used to fuel farm machinery and to transport inputs and outputs. Hence, increases in the price of oil may add to production and distribution costs. Further, the use of biofuel as an alternative to petroleum may affect food price. This is because these biofuels are made from corn, soya beans, and other oilseeds. Therefore, an increase in the demand for these may affect the production, price level, and volatility of these crops and other food crops due to competition for fixed land. We empirically examine the link between oil price and volatility of selected food prices in Nigeria.
Introduction
Volatility is not new in agricultural market; however, since 2007, the degree of price volatility and the number of countries affected have been very high (High Level Panel of Experts, 2011) . Food price volatility over the last four years has hurt millions of people, undermining nutritional status and food security (High Level Panel of Experts, 2011) . Volatility is the rate of price variation over a successive period of time; it is determined by the speed, magnitude, and change in direction of the variation in prices (ECLAC/FAO/IICA, 2011). Volatility in the prices of agricultural raw materials can have serious consequences for countries: losses in economic efficiency, increased food insecurity, more malnutrition, negative impacts on their trade balance, possible social unrest to mention but a few (ECLAC/ FAO/IICA, 2011). It is also feared to have a ravaging impact on the poor as greater percentage of their family budget is spent on food. This is why the issue of price volatility should be addressed to ameliorate the food insecurity situation in Nigeria.
Nigeria is an exporting and importing country in terms of crude oil and its products, respectively. Crude oil is arguably one of the most important driving forces of the Nigerian economy and changes in the price of oil would have significant effects on economic growth and welfare in Nigeria. Oil is used to power agricultural machines, processing machines, and to transport inputs such as fertilizer, pesticides, and final goods to the ultimate consumer. Increases in the price of oil therefore add serious pressure on the cost of these operations. Higher prices of oil may trigger inflation in the economy, increase cost of input, transport cost and subsequently reduce investment (Interagency Agency, 2011) .
Gogoi (2014) investigated the long-run relationship between crude oil and world food commodity prices such as maize, rice, soybean, and wheat for the period between 1980 and 2011 using time series econometric technique. The co-integration test revealed that there is a long-run relationship between crude oil prices and the prices of maize, soybean, and wheat with the exception of rice prices. He also conducted a Granger causality test to check whether causality exists between the two prices. He found that there is unidirectional causality, with only crude oil prices "Granger causing" each of the four food commodity prices, while crude oil prices were not found to be influenced by price of food commodities. Alvalos (2013) investigated whether oil price Granger cause corn and soybeans prices using a VAR model on monthly prices from January 1986 to April 2006 using international prices. His findings showed that oil price shocks exhibited no predictive causality over corn and soybeans prices. Oil prices have a negative impact both in the long-and short-run price dynamics of the two food commodities. Arshad and Abdel Hameed (2009) also investigated if there is a long-term relationship between petroleum and cereal prices using monthly data over the period of January 1980 to March 2008. The bivariate co-integration approach using the Engle-Granger two-stage estimation procedures was applied and the result revealed unidirectional long-run causality from petroleum price to cereal prices. Campiche, Bryant, Richardson, and Outlaw (2007) However, some studies found no relationship between crude oil price and agricultural commodity prices. For instance, Esmaeili and Shokoohi (2011) found no direct long-run relationship between oil prices and agricultural commodity prices. Yu, Bessler, and Fuller (2006) examined the long-run relationship between crude oil prices and the prices of vegetable oils (oil palm, soybeans, rape seeds, sunflower) and found that crude oil price have no effect on vegetables oils prices. Apart from using international food prices, the papers reviewed above worked on oil price and selected food crop price not food price volatility.
Huchet-Bourdon (2011) statistically analysed the historical commodity price volatility over the last half century for an extended range of agricultural commodities such as beef, maize butter, rice, soybean oil, sugar, wheat, and whole milk. The paper also investigated the relationship between oil price, fertilizer price, and each of these agricultural commodities; however, using spearman's correlation coefficient on monthly data which can only indicate the existence of a relationship but cannot indicate which one has a predictive power on the other. Also, Ano Sujithan, Avouyi-Dovi, and Kolia (2014) used Bayesian multivariate framework to assess the effect of oil price and other drivers on the volatility of global prices of cocoa, coffee, sugar, and wheat in recent periods. Using monthly data covering the period January 2001-March 2013, an impulse response function of food volatility to oil price shocks revealed that an oil price shock leads to an increase in the price volatility of cocoa, coffee, sugar, and wheat for 2-3 months followed by a downward peak after 4 months. The result showed a negative impact on the volatility of soybeans and sugar and a positive impact on cocoa, coffee, corn, and wheat prices.
Although, Huchet-Bourdon (2011) and Ano Sujithan et al. (2014) worked on oil price and food price volatility, apart from using international food prices, their methodology is different. This is why this study used Johansen co-integration, VECM/VAR model, and the standard Granger causality test to analyse the effect of oil price on selected crops using domestic food price volatility. Specifically, the study examines the long-and short-run relationship between these variables as well as the causal relationship between them.
Methology

Data
The study used time series data which are secondary data type. Annual data on oil price (Refiner Acquisition Cost of Imported Crude Oil) were obtained from the US Energy Information Administration (EIA) from 2000 to 2013, and annual data on selected food crop prices were also sourced from Federal Ministry of Agriculture from 2000 to 2013. Then, the price volatility of each crop was estimated using GARCH (1, 1) model.
Econometric methodology
In this study, data were analyzed using descriptive and inferential statistics. Graphs were used to describe the trend or movement of price volatility of these crops and oil prices from 2000 to 2013. To check for the stationarity or non-stationarity of the series, the Augmented Dickey-Fuller and PhillipPerron tests were used. The Johansen (1991 Johansen ( , 1995 co-integration test was used to examine the long-run relationship, while the VAR model was used to determine the short-run relationship. The use of the VAR model was based on the outcome of the co-integration result. Lastly, the standard Granger causality was used to check if oil price has a predictive power on the food crop volatility.
Unit root test
Unit root tests were carried out to establish whether or not each series is stationary. It is important to test for the presence of unit root in time series to avoid the problem of spurious regression as described by Granger and Newbold (1974) cited by Gogoi (2014) . If unit root is found, then the conditions of stationarity are violated. The most commonly used test is the Augmented Dickey-Fuller test (ADF). The test equation for food price volatility and oil price are given as:
where MPVOL, RPVOL, SOYAPVOL, SPVOL, and WPVOL is the price volatility for maize, rice, soya bean, sorghum, and wheat, respectively, while OILP represents oil price, α 0 is the constant, α 1 is the coefficient of the trend series, p is the lag order of the autoregressive process for each food price e.g.
MPVOL t−1 is lagged value of order one of MPVOL t−1 and ɛ t is the error term. Dickey-Fuller adds lagged dependent variables to the test equation to remove distortions to the level of statistical significance but lowers the power of the test to detect a unit root when one is present. The null hypothesis can be evaluated by testing whether β = 0, while the alternative hypothesis tests whether β ≠ 0. A rejection of the null hypothesis implies that the series is stationary.
Co-integration test
According to Engle and Granger (1987) , two series integrated of the same order I (q) are said to be co-integrated, if the linear combination of the two variables generate a stationary series. A nonstationary series that is co-integrated may diverge in the short run, but must be linked together in the long run. The co-integrated variables will never move far apart, and will be attracted to their long-run relationship (Koop, 2000) . Testing for co-integration implies testing for the existence of such a long-run relationship between economic variables.
Although there are different ways of testing for co-integrations between variables, for the purpose of this study the Johansen co-integration test was used to determine the long-run relationship between food commodity price volatility and oil price. It is superior to other tests and has all desirable statistical properties. It is capable of determining the number of co-integrating relations among variables. Its weakness is that it relies on asymptotic properties and is therefore sensitive to specification. According to this technique, to determine whether two variables are co-integrated, we first have to ascertain the order of integration of the variables that are being modeled. This pre-testing is done by the unit root test as earlier discussed. To proceed with co-integration test in the Johansen framework, the two variables have to be integrated of the same order. If we establish that two variables are (1) Maize:
Rice:
integrated of the same order, then we proceed next to estimate the long-run equilibrium relationship. The Johansen test is a VAR-based co-integration test. Consider a general VAR of order p:
where y t is a k-vector of non-stationary variables that are for instance integrated of order 1 and commonly denoted as I (1). In this study, y t consists of oil price and each of the food commodity price, taking OILP t and MPVOL t for instance, x t is a d-vector of deterministic or exogenous variables which are optional, and ɛ t is a vector of innovations or random shocks. The VAR may be rewritten as: where Granger's representation asserts that if the coefficient matrix Π has reduced rank r < k, then there exist matrices α and β each with a rank r such that Π = αβ ′ and β ′ y t is I (0). r is the number of co-integrating relationships (i.e. the co-integrating rank) and each column of β is the co-integrating vector. The elements of α are known as the adjustment parameters in the VEC model. Johansen's method is to estimate the Π matrix from an unrestricted VAR and to test whether we can reject the restrictions implied by the reduced rank of Π. It can be shown that for a given r, the maximum likelihood estimator of β defines the combination of y t − 1 that yields the r largest canonical correlations of Δy t with y t − 1 after correcting for lagged differences and deterministic variables when present. For this study, deterministic or exogenous variables such as seasonal dummies or time trends are not included. Johansen proposes two different likelihood ratio tests of the significance of these canonical correlations and thereby the reduced rank of the Π matrix: the trace test and maximum eigenvalue test. The trace test tests the null hypothesis of r co-integrating vectors against the alternative hypothesis of k co-integrating vectors. The maximum eigenvalue test, on the other hand, tests the null hypothesis of r co-integrating vectors against the alternative hypothesis of r + 1 co-integrating vectors. If the variables OILP and MPVOL are not co-integrated, the analysis will proceed in a VAR framework. The empirical model is then specified as:
The formulations above apply irrespective of the particular food price volatility that is being considered.
Only the variable names and notations changes.
Causality test
Granger causality measures the precedence or information content or the predictability of the past values of one variable for the current values of another variable. According to Granger (1969) 
Granger cause" MPVOL t if OILP t helps in the prediction of MPVOL t. The definition leans on the idea that cause occurs before the effect and this is the basis of most all causality definitions. It could be, also must be, a two-way causality that is if OILP t causes MPVOL t and MPVOL t causes OILP t .
The causality relationship can be evaluated by estimating the following linear regression models. Consider a bivariate linear autoregressive model of the two variables OILP t and MPVOL t . The important thing to point out here is that if the variables have a trend, then it is most likely to show that there is correlation between them. However, in general, correlation does not mean causation. The empirical bivariate regression model for the case of oil price and maize price volatility (MPVOL) is specified as:
Here p is the number of lagged observations included in this model which were determined using the Akaike information criteria (AIC) (Akaike, 1974) and the Schwartz information criteria (SIC) (Schwarz, 1978) ; the matrix φ contains the coefficients of the model; ɛ 1 , and ɛ 2 , are residuals (prediction errors) for each time series. Again, similar formulation applies to the other food commodity prices.
According to Gogoi (2014) The null hypothesis would be rejected for a small p-value (p ≤ 0.1). This implies that there is causation. If the null cannot be rejected then it means that there is no causal relationship between the variables. In other words, the two variables have no predictive or information content for each other. 
Results and discussion
The trend of variables used
Unit root tests
The ADF and Philip-Perron (PP) unit root tests were used to check for stationarity or non-stationarity of variables as described in the methodology. The results for all the variables are presented in (11) However, for all variables, the null hypothesis of unit root is rejected by both ADF and PP unit root tests at 1% level when we conduct the analysis on their first differences. This implies that maize, rice, soya bean, wheat, and sorghum volatilities and world oil price have no unit roots (i.e. stationary) in their first differences and are therefore integrated of order one, I (1).
Long-run analysis
The Johansen co-integration test was used to check for any long-run relationship between oil price and the price volatilities of maize, rice, wheat, soya bean, and sorghum. The results are presented in Table 2 . The results from both the maximum eigenvalue and trace test show that there is no co-integration between oil price and the individual crop price volatilities as the 5% critical value (CV) is greater than the test statistics in all cases. This implies that there is no long-run relationship between oil price and the price volatilities of maize, rice, wheat, soya bean, and sorghum. The absence of co-integration implies that the price of oil and individual food prices do not follow the same longrun trend. They do not co-move with each other over time. Therefore, it can be said the linear combination of the oil price and each of the food price volatility is not stationary. The absence of long-run WPVOL relationship also implies that if these variables deviate from the mean or equilibrium level, it will be difficult to bring them back to equilibrium, since there is no error correction for the relationship. As a result, the price of oil might drift above or below the individual food prices in the long run. However, this does not preclude the possibility of sharing a significant relationship in the short term. We therefore proceed to determine the short-run relationship between the individual price volatilities and oil price in the next section using the VAR instead of the VECM. 
Short-run analysis
Since there was no co-integration between oil price and individual food price volatilities, vector autoregressive model (VAR) was estimated. We present both the estimates and the impulse response functions to describe the short-run relationship between oil price and the price volatility of the five food crops under study. The result on the VAR estimates is presented in Table 3 . The R 2 value for each of the bivariate VAR models indicates that the overall goodness of fit of the VAR is satisfactory. For instance, 74.7% of the variation in MVOL is explained by oil price. The remaining 25.3% is inherent in the error term. The F-statistic shows the joint significance of all the variables in determining the individual price volatility in each case.
Results show that world oil price has a positive short-run effect on MPVOL, soya beans price volatility (SOYPVOL), and sorghum price volatility (SPVOL). For MPVOL and SOYPVOL the effect is significant at 5%, while it is significant at 1% for SPVOL. However, OILP has a negative short-run effect on rice price volatility (RPVOL) and wheat price volatility (WPVOL) though these are not significant at any conventional levels. The puzzle observed for rice and wheat may be due to the fact that these two are mainly imported food staples (Nigeria INTEL, 2012) . Hence, it is possible that the effect of oil price on rice and wheat could have been better captured by accounting for exchange rate effects.
Further evidence of the short-run relationship between the variables can be inferred from the impulse responses. The impulse responses of the selected food price volatilities to a shock in oil price are presented in Figures 2-6. From Figure 2 , the response of MPVOL to a positive shock in oil price is positive and persistent throughout the entire period but this is not significant at any time. This is consistent with Ano Sujithan et al. (2014) whose research revealed a positive impulse response of international MPVOL to a shock in oil price. The response of RPVOL in Figure 3 was persistently negative but insignificant. The response of soya bean as shown in Figure 4 is positive throughout and significant between the second and the fourth period. For sorghum as depicted in Figure 5 , its response is positive between the first and second period before turning to negative and remained negative to the end but insignificant. WPVOL's response as shown in Figure 6 was persistently negative but insignificant. This result is not consistent with Ano Sujithan et al. (2014) , as his findings showed that international WPVOL responded positively to a shock in oil price. However, this is not to be worried about since the response though negative is not significant. Response of OILP to MPVOL Response of MPVOL to MPVOL Response to Cholesky One S.D. Innovations ± 2 S.E.
Granger causality
The Granger causality test is used to show if oil price has a predictive power on the selected food price volatility and vice versa. The Granger causality test results are presented in Table 4 . The test performed on individual food price volatility indicates that a unidirectional causality runs from oil price to maize, soya bean, and sorghum price volatilities but not vice versa. The results are significant at 5% for maize and sorghum and at 1% for soya bean. The null hypothesis cannot be rejected for rice and wheat price volatilities. This implies that oil price can be used to predict maize, soya bean, and sorghum price volatilities but cannot be used to predict rice and wheat price volatilities.
Conclusion and recommendation
In conclusion, the findings of this study show that there is no long-run relationship between oil price and any of the individual price volatilities as indicated by the Johansen co-integration test. However, in the short run, oil price had positive and significant effect on maize, soya bean, and SPVOL as indicated by the VAR estimates and supported by the impulse response functions. Oil price has a negative albeit insignificant effect on rice and wheat price Again, these are largely confirmed by the impulse response functions. The Granger causality test shows that there is a unidirectional causality running from oil price to maize, soya bean, and sorghum price volatilities. However, causality does not run from oil price to rice and wheat price volatilities. The reason for finding neither short-run nor causal relationship between oil price and wheat and rice could be deduced that Nigeria imports more of these crops than they produce (the tidenewsonline.com, 2013). Hence, further studies may deduced consider including exchange rate in examining such relationship.
Our results also show that agricultural commodity price has some degree of volatility inherent in them. Therefore, intervention in this regard is required to reduce its price variability to its natural level where it will not be a problem to the farmers or threaten the food security in the country. These interventions also could be relevant in times of food crisis. These include improvement in the market information system as this would reduce market speculations, price hikes, and uncertainty. Response of OILP to RPVOL Response of OILP to WPVOL It is obvious from this study that oil shocks has a significant short-run effect on some of the food price volatility in Nigeria; therefore, recommendations to this regard will be geared towards ensuring that pump price of refined oil or crude oil products are being controlled, ensuring that the refineries are working at a maximum capacity, encouraging the use of alternative source of energy and organic fertilizer to cushion the effect of high oil prices on food prices. 
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